Rates of biodegradation of sorbed chemicals are usually lower in soil than in aqueous systems, in part because sorption reduces the availability of the chemical to microorganisms. Biodegradation, sorption, and diffusion occur simultaneously and are tightly coupled. In soil, the rate of biodegradation is a function of a chemical's diffusion coefficient, sorption partition coefficient, the distance it must diffuse from the site of sorption to microbial populations that can degrade it, and its biodegradation rate constant. A model (DSB model) was developed that describes biodegradation of chemicals limited in the availability by sorption and diffusion. Different kinetics expressions describe biodegradation depending on whether the reaction is controlled by mass transfer (diffusion and sorption) or the intrinsic biodegradation rate, and whether biodegradation begins during or after the majority of sorption has occurred. We tested the hypothesis that there is a direct relationship between how strongly a chemical is sorbed and the chemical's biodegradation rate. In six soils with different organic carbon contents, there was no relationship between the extent or rate of biodegradation and the sorption partition coefficient for phenanthrene. Aging of phenanthrene residues in soil led to a substantial reduction in the rate of biodegradation compared to biodegradation rates of recently added phenanthrene. Considerable research has focused on identification and development of techniques for enhancing in situ biodegradation of sorbed chemicals. Development of such techniques, especially those involving inoculation with microbial strains, should consider physical mass transfer limitations and potential decreases in bioavailability over time. -Environ Health Perspect 103(Suppl 5): 93-95 (1995) 
Sorbed chemicals present one of our most challenging environmental problems in the bioremediation of contaminated soils and sediments. Rates of biodegradation of sorbed chemicals are lower than in aqueous systems or laboratory cultures, in part because sorption reduces the availability of the chemical to soil microorganisms. Our understanding of the biodegradation of sorbed chemicals is confounded by the fact that the term sorption is often used to describe different interactions between pollutants and the soil matrix. These interactions include different mechanisms of adsorption, diffusion, bound residue formation and aging of residues. Multiple processes may affect the same chemical and, in soil, it is difficult to isolate one process from another. It is crucial to the future success of bioremediation that research continues on the physical and chemical aspects of pollutant-soil interactions and their impact of biodegradation.
Adsorption is the specific term for the condensation of vapors (Figure 2) , with the highest rate observed in the soil with the highest OC content. Measured Kd values for phenanthrene in the six soils varied by a factor of 10, whereas Koc values varied by a factor of two (Table 1) . Desorption isotherms showed that the sorption of phenanthrene was partially irreversible. Linear regression analysis showed no relationship between the biodegradation rate and either Koc or Kd for the soils tested.
It becomes increasingly difficult to extract chemicals the longer they have been in contact with soil. The decreased extractability (aging) is associated with a decrease in the bioavailability and degradability of the chemicals. The phenomenon Environmental Health Perspectives (Figure 3 ). New methods are needed to study the biodegradation of sorbed pollutants in soil because existing approaches, such as use of soil slurries, may significantly alter soil properties (e.g., available carbon, access to sorption sites), may decrease the time needed for sorption to reach equilibrium, and do not represent field conditions. Especially needed are noninvasive techniques that preserve the physical distribution of microorganisms and pollutants in soil and do not destroy soil structure.
In conclusion, many pollutants assumed to be sorbed to soil may also have irreversible or partially reversible interactions with soil particles, or their availability to microorganisms may be limited by diffusion rather than purely desorption. Theory developed for simple sorption may not be applicable to many bioremediation conditions. There are many exciting research questions to explore: What are the differ- ent mechanisms involved in pollutant-soil interactions and do they differ in their impact on bioavailability? What is the spatial distribution of sorbed pollutants and microbial populations in the soil matrix? What specific properties of microorganisms (e.g., surfactant production, ability to attach, ability to use the sorbed phase directly) might enhance the degradation of sorbed pollutants? To enhance in situ biodegradation rates, what physical treatments of soil at field moisture levels increase bioavailability without adversely affecting microbial populations?
